
.5	.5

Wind in the friction-layer over Plateau Station, August 7, 1966;
temperature inversion between 1.5 and 400 rn: 32°C.

Black circles: Vector averages of the wind measured by five sound-
ings, between 0052 and 0842 GMT, during a stable weather

situation ("steady state").
Heavy dashed arrow: Upper wind	(at 400 and 500 rn), from
55 0 , 5.4 rn/sec. The three curves show individual theoretical wind

spirals.
Dashed: Angle between thermal wind -+v 1 (from 160 0 , along the
contourlines of the terrain) and the upper wind v u being a
=1050; vT 3 V u . K=3 • 103 cm° sec-1.
Solid at left:	=90 v-j-=3 v u; K3 • 10' cm° seC'.
Solid at right: cq-120 0 ; v T=2.5 v u; K2.5 • 10' cm° sec-1.

Unit of height values of black circles and of marks along spirals:
100 m.

upper wind and surface wind reaches extremely large
values (>600). In a recent paper (Mahrt and
Schwerdtfeger, 1970), several of these solutions are
shown and their significance for the low-layer mass
outflow from the interior of Antarctica is discussed.

Questions may arise whether such configurations
of the wind spirals can really be observed, and if
so, what conclusions can be drawn regarding the
eddy diffusivity in a friction layer with extreme
stability but considerable vertical windshear. A first,
preliminary result looks promising. At Plateau Sta-
tion during the dark months of 1966, Sponholz ac-
complished several series of slow-rise radiosoundings

with double theodolite wind measurements, obtain -
ing the vertical structure of the inversion with more
detail than can be done by conventional rawinsonde-
ing. Fig. 1 shows the results of one of these series,
compared with theoretical solutions. At least in this
case, the theory can explain the observed wind pat-
tern; the dashed curve closely approximates the
black circles. The only major deviation is between
the observed and theoretical winds at 10 m. This is
understandable, because the theory assumes a constant
value of the eddy diffusivity, K, which is unrealistic;
in the lowest layer, where the inversion is most pro-
nounced, K should be smaller than in the rest of the
friction layer, and hence the 10-rn wind stronger.
The two solid curves are included to show the sensi-
tivity of the theoretical solutions to changes of the
angle between upper and thermal wind. Different
values for K affect the character of the curves little,
but lead to different heights along the spirals. For
the three solutions shown, the K-values have been
arbitrarily chosen so that the height of the most pro-
nounced turning of the curves agrees with the ob-
servations. Forthcoming verification of theoretical
spirals and derivation of eddy diffusivity values will
also make use of the detailed wind data obtained
along the 32-rn high micrometeorological tower
erected in 1967.

Reference

Mahrt, L. J. and W. Schwerdtfeger. 1970. Ekman spirals
for exponential thermal wind. Boundary-Layer Meteoro-
logy, 1. In press.

Late Cenozoic Paleoclimatic Cycles,
Antarctica to the Tropics, 1970

ORVILLE L. BANDY
Department of Geological Sciences
University of Southern California

and
RICHARD E. CASEY

Department of Geology
San Fernando Valley State College

A major emphasis has been given to refining the
cyclic paleoceanographic (paleoclimatic) variations
in the late Cenozoic as recorded by planktonic micro-
fossils in deep-sea cores of antarctic oceans. A cor-
relation has been suggested between these and varia-
tions recorded in temperate and tropical regions,
requiring essential contemporaneity of major paleo-
ceanographic cycles but not absolute contemporane-
ity of the initiation or termination of any specific
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PALEOTEMPERATURE VARIATIONS
IN CORE EI3-3

Figure 1. Paleotemperature variations, Eltanin core E13-3. (1)
Ratio of antarctic radiolarians, Spongotrochus glaciafis and Lithe-
Iius naufiloides, to the subantarctic radiolarians Lithamphora
furcaspkulata and Theocalyptra bicornis. A ratio greater than 9
represents temperatures less than 0°C.; a ratio of about 1 repre-
sents temperatures of about 5°C. (2) Added to (1) above are
fluctuations in abundances of temperate radiolarians that are
mostly absent in the 0 to 250 cm interval of the core. These
temperate radiolarians include Eucyrtidium acuminatum, Lampro-
cyclas maritalis, and Sat urnulus planefes; where these attain maxi-
mum abundances, the temperatures approach 15 0 C., and where
they are very rare, the temperatures approximate the lower limit

of about 5°C.
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Figure 2. Late Cenozoic paleoclimatic cycles correlated with the
Neogene Zones of Banner and Blow (1965) and major planktonic
datum planes (Bandy, Casey, and Wright, in press). The Globoro-
talia truncatulinoides datum plane (truncat. datum) is the base of
the Pleistocene Epoch and is correlative with the extinction datum
of Eucyrtidium calvertense in the Antarctic. The "Sphaeroidinella
dehiscens" datum (dehiscens datum) of low altitudes is approxi-
mately equivalent to the extinction datum of Prunopyle titan in
the Antarctic (Bandy and Casey, 1969). Polar areas are charac-
terized by sinistrally coiled populations of Globorotalia (Turboro-
talia) pachyderma; temperate areas are dominated by dextrally
coiled populations of this species together with Globigerina but-
bides and others; tropical areas are identified by an abundance
of Globorotalia menardii, "Sphaeroidinella dehiscens", and others.
A complete discussion of this model is given by Bandy, Casey,

and Wright (in press).
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cycle (Bandy, 1967, 1968, in press; Bandy, Casey, and
Wright, in press; Bandy and Casey, in press). Doubt
as to the synchroneity of paleoceanographic or paleo-
climatic events in the Atlantic and Pacific (Ericson
and Wollin, 1970) has been removed by the reexam-
ination of this problem (Morin, Theyer, and Vincent,
1970; Bandy, in press).

The upper sections of antarctic deep-sea cores,
labeled Glacial Pleistocene and Holocene (Fig. 1),
coincide generally with the Brunhes Normal Mag-
netic Epoch, representing approximately the last
700,000 years. Ratios of antarctic radiolarians to
subantarctic radiolarians define four major cold cycles
within the Brunhes and uppermost Matuyama, with
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a suggested temperature range of from less than 00
to about 5°C. In temperate regions, major cyclic
invasions occurred of sinistrally coiled populations of
Globorotalia (Turborotalia) pachyderma, an index
of polar waters today (Fig. 2). In tropical waters, a
marked decline is recorded in the abundance of
"Sph aeroidinella deh iscens", an important tropical
index, and a corresponding influx of some temperate-
water indices in the Brunhes.

In lower sections of antarctic cores, labeled Plio-
cene-Preglacial Pleistocene (Fig. 1), temperate radio-
larian species define warmer cycles, with a suggested
temperature range of between about 5° and 15°C.
In temperate areas there is a much-reduced presence
of polar pachyderma faunas (Fig. 2); in tropical
areas there is an abundance of "Sphaeroidinella
dehiscens".

Additional information and evidences of paleo-
ceanographic cycles, which are considered to be
paleoclimatic cycles, are documented in other reports
(Bandy, Casey, and Wright, in press; Bandy and
Casey, in press).

Acknowledgements. Support for this study was
provided by the National Science Foundation under
grants GA-10204 and GB-8628. This is Contribution
No. 227, Department of Geological Sciences, Uni-
versity of Southern California.

References

Bandy, 0. L. 1967. Foraminiferal definition of the boundaries
of the Pleistocene in southern California, U.S.A. In:
Progress in Oceanography, 4: 27-49.

Bandy, 0. L. 1968. Cycles in Neogene paleoceanography and
eustatic changes. Pala eogeography, Palaeoclimatology,
Palaeoecology, 5: 63-75.

Bandy, 0. L. In press. Paleoclimatological sychroneity, At-
lantic and Pacific Oceans, American Quaternary Associa-
tion, August 31—September 1, 1970.

Bandy, 0. L. and R. E. Casey. 1969. Major late Cenozoic
planktonic datum planes, Antarctic to the Tropics. Ant-
arctic Journal of the U.S., Jj7 (5) : 170-171.

Bandy, 0. L. and R. E. Casey. In press. Major Quaternary
paleoceanographic cycles: Antarctic to the Tropics.
SCAR/JUGS Symposium on Geology and Solid Earth
Geophysics, Oslo, Norway, 6-15 August, 1970.

Bandy, 0. L., R. E. Casey, and R. C. Wright. In press. Late
Neogene planktonic zonation, magnetic reversals, and
radiometric dates, Antarctic to the Tropics. Antarctic
Research Series.

Banner, F. T. and W. H. Blow. 1965. Progress in the plank-
tonic foraminiferal biostratigraphy of the Neogene. Nature,
208 (5016): 1164-1166.

Ericson, D. B. and G. Wollin. 1970. Pleistocene climates in
the Atlantic and Pacific Oceans: a comparison based on
deep-sea sediments. Science, 167 (3924) : 1483-1485.

Morin, R., F. Theyer, and E. Vincent. 1970. Pleistocene
climates in the Atlantic and Pacific Oceans: reevaluated
comparison based on deep-sea sediments. Science, 169
(3943): 365-366.

Antarctic Tertiary Marine Climate
Based on Silicoflagellates

YORK T. MANDRA1
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Prior studies of "Paleocene or Eocene" fossil pol-
len, hystrichospheres and dinoflagellates found in a
small Minna Bluff glacial erratic have been sum-
marized by Harrington (1969). One important paleo-
climatic aspect of his summary is that Antarctica
was warm enough to support a Nothofagus forest.
Additional paleoclimatological information was ob-
tained from a study (Hertlein, 1969) of fossil gastro-
pods found in another recently discovered antarctic
glacial erratic boulder from the vicinity of Cape
Crozier, Ross Island. The antarctic marine paleocli-
matic conclusion based upon these early Tertiary
(probably Eocene) snails is stated in terms of the
distribution of the family Struthiolariidae. Recent
members of this family now live in the cold waters
of New Zealand, but some of its extinct members
appear to have lived in a more temperate environ-
ment.

From these studies, it can be seen that data of
prior early Tertiary antarctic marine paleoclimatic
studies based on fossils do not as yet yield precise
conclusions. Nevertheless, it seems clear that at some
time during the Paleocene-Eocene interval, the coast-
line of Antarctica probably was at least as warm as
the present-day coastline of South Island, New Zea-
land, if not warmer. However, a recent paper (Geitz-
enauer et al., 1968) using surface features of sand
grains from deep-sea cores as its criteria has con-
cluded that there was glaciation in Antarctica during
the Eocene.

In an attempt to obtain greater precision about
the Upper Eocene marine climate of Antarctica,
fossil silicoflagellates from a deep-sea core in the
South Atlantic were studied (California Academy of
Sciences Loc. 39575). The ratio of Dictyocha (Fig. 3)
to Distephanus (Fig. 2) was the basis for the paleo-
climatic conclusion; Naviculopsis (Fig. 1) is the
genus which indicated that the age is Upper Eocene.
The study of these microorganisms indicated that in
the region which is now the Antarctic Peninsula, the
Upper Eocene climate probably was at least warm
temperate or warmer (Mandra, 1969). This con-

1 Also Research Associate, California Academy of Sci-
ences. Mailing address: 8 Bucareli Drive, San Francisco,
California 94132.
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